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(71) We, ALLIED COLLOIDS 
LIMITED, a British Oooipany, of Low Moor, 
Bradford, Yiofehire, do hereby declare the 
invention, far which we pray that a patent 
S nay be graatted to us, and die mediod by 
yUadt it is to be perfonned, to be par- 
tiddady described in and by the followktg 



The present iinrend(» concerns imimve- 
ments in and relating to pdymers. It idates 
pardculaily to a process for me {sodocdoa d 
water-solidde polymery whereb the mono- 
mer is dispsered ia a cootiouous «! phase 
during the polymerisation reactioa 

The water-in-dl emulsi(»i polymerisation of 
water-sdtd)le monomers is wdl-known and 
has sevcrd advaotz^ over other modes of 
pciymerisation. Thus, for example the poly- 
merising medium! retains a low viscosity 
througtuut the course of the reaction thetd>y 
obviating the diffic^ties of heat tranter asso- 
ciated witii viscous pdiymerising sduticms. 
The jAysical nature of die later product also 
facilitates its handlbg and further process- 
ing, Anotiiar important advantage of emulaoa 
pdymerisation over mass or sdutimi pro- 
cesses is diat it allows the attainment of 
hig^ nude^ar weight products at faster re- 
actioQ rates dm is possSde in the latter pro- 

In order to stabilise such ^jrstems during 
emulsion polymerisation it is necessary to 
have present a smtable emulsifying agent 
Those preferred for water-in-oil emulaons 
have a low hydrophile lipophile balance as 
defined in die wdl koown Adas HLB dassi- 
fication. Typical examples of such surface 
active agems are sodiitan esters such as die 
numooleate and mono-stearate. 

Commttdally tt is desirable to produce 
final diq)ersions with as high a polymer con- 
teot as possilde^ and polymer cQncentrati(»is 
in excess of 3Q% by wei^t of the total latex 
are partiodariy attractive. Addiiton pdy- 
merisatioB is an exodiemuc process and unl^ 
adequate steps are taken to remove heat from 
the polymeiuing qotem its temperatore will 
rise apprectal^, and alter die 



of die polymerisation. Witii h _ 
turns of moniHner diis exotherm and die need 
to dissipate die heat of reaction can limit die . 
rate at which tiie polymerisataion can be 
carried out Many of ifae water-soluble mono- 
mers <^ interat,. sudi as acrylamide and 
acrylic add and its salts and esters, have high 
intrinac rates of pcdymerisatim and it is 
essential to cnitrd die rate of die process 
in opder to cootain the temperamre rise widiin 
loacdcaUe luuits. 

One mediod of adiieviag sudi control is 
the gradual addition of the monomer charge 
to die system while die polymerisation is pro- 
ceeding. By adjusting die rate of addition so 
diat it is in balance widi the rate of poly- 
merisation it is possible to limit die concenttar 
tiiHi of free monomer, and dnis die rate of heat 
of evdutioi^ throughout the reactim 

However, die additira of aqueous mono- 
mer to die reacting emulsion produces insta- 
bi^^ and can lead to coagulation of die pro- 
duct if (»ly the comrentional water-in-oil 
emxdsifier is present We have found that if 
the cootimious cSl phase contains certain co- 
polymers bat sdution diea this imparts suf- 
fidrait stability to die reacting system to allow 
die. continuous addition of die aqueous mono- 
mer diarge durii^ the polymerisation and the 
risk of coagulatioQ is at le^ minimised. The 
presence of die stdiilising copolymer enables 
, CHK to prepare m one stage a dispersion con- 
tainmg a liigb concentration of polymer, for 
exampe of die order of 30—35% by wdght 
of die totid latex. 

Acoffdii^ to the present invention there is 
provided a process for the preparation of a 
stable dispersion erf polymer by emidsirai poly- 
merisation whidi ccanisises continuously in- 
troducing an aqueous solution of monomer to 
a sysaat cmitainuig oil, water-in-oil emulsi- 
fitf, an emulsion stabilizer whidi is an oil- 
sdnble copolymer ptepead from at least one 
bjnboi^olMc mss«ma and at least one 
hydr^hilic mraiomer, and pdymerisation 
initiator, die system being at me temperature 
required for polymerisation vrfiereby to effert 
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the {Hdymerisadoa tiiioug^ut ibe coatimxras 
f monomer. 



The polymer as preJeraMy doived from 
water-sduble vin;l moncmier. The anubim 
"stabfliser" is suitaUy prepared bom at least 
one hydrophobic monomer (Type A) and at 
least one hydiopbiUc moamec (Type B) in 
a mdar xatio (tf Type A: T^pe B in the 
lai^ 1:3 to 3:1. The coixdymer need not 
be a Unaiy oi^Ijnner. 

Since me aquewis monomer is added over 
3 period of time all references to die 
aqiKous phase are to total amount thereof. 

Typical typ6 A monomers i 
by die fomma: 

O 

CHasC-i-OI 



where Ri is H or CHj and can be Q— Cz* 

hydrocarbon chain either branched or linear. 

Representative of Type A monomers are the 
20 filter estexs of mediacrylic or aaylic add 

containing ttvelve w more caiboa attmis in 

die ester group. Examples of these are lauiy! 

actylate and steryl mediacrylate. 
IVpical tp)e B monomers idiich may be 
25 anicmu^ nonionic or caticnic are x^nesmted 

Iqr the fidlowing fbimdae: 



0 

CH,=oJLoRa 

k. 



30 Ri=H or CHa 
R2=H 



CHa=C-C-X~A 
Ri 



Ri=H or CEU 
X=NH or O 

A=(CHr-CHjO)B-H where 
n=l to 20 



40 CH»=C-C-X-(CHa).r-N^ 
R,=H or CBi 



Ra and Rs are indqiendently selected from 

Ci to C« liydrocaibat 
X=0 or NH 
n=l to 3 

Representative of Type B monomers are 
the dialkylamino ethyl esters of acrylic or 
mediacryUc add, ios example, dietbylammo 
cdijl aaylat^ dinethylaminoethyl melhaayl- 
ate OT di-tertiary butyl anunoethyl mediaayi- 
ate. Also in diis dass are aaylic add aad 
mediacrylic add and tlidr salts as wdl as 
acrylamide and metbaaylamide; The type B 
monomer may also be a pdy^hoxylated vinyl 
aaopound. 

Tne most preferred range for die nudar 
lado of Type A:Type B monomeis lies in 
the range 1:2 ta 2:1. The most eCMe 
ratio depends on the diolce of tnonomers for 
die emulsion stabilfeer, and also tie monoma 
or monomers to be pdymerised in die inverse 
emulsion STStem. 

~The emulsion stabilisers may be produced 
for example by solution polymerisation in a 
common solvent for the monomers whidi may 
be all present initially or can be added coo- 
tinuoosly dming tiie pdymoisadoni, vAMk 
ma;^ be idtiated by a ciHweational &ee radical 
initiator sudi as azo-bis-isobutycodtrile 
(AZDM) or benzoyl peroxide botii of which 
decompose diennally; or by a reduction* 
oxidation initiatioa system e;g. hydroperoxide 
in conjunction witii pdyetiij^ene pdlyamine to 
give initiation at lower temperature. As die 
emulsion staUliser must be soluble in die oil 
pbase used in die subsequent emulacn poly- 
metisaticm, it is advantageous to carry out its 
pzqnratioa in diis oil, but odier solvents 
may be used vAm more cmvem'ent The 
emulsion stabilise imparts stability to the 
emuldon polymerisation system by virtue of 
its amphipathic diaracteristics sudi that the 
hydrophllic parts of die chain will tend to 
attach to die dispersed aqiKous partides 
tMst tile hydrophobic diains extend from die 
partide surface into the continuous phase. 
Hie levds used to impart suffident stability 
to a continuous addition polymerisation pre- 
ferably fall m the range 0.1—10 parts for 
each 100 parts by wdght of aqueous monomer 
sdution to be added. The amounts of con- 
venticHial inverse emulsifier enqdoyed are pr&> 
ferably in die range 0.1 to 10 parts per 100 
parts by wdght aqueous monomer solution. 

The range of water-soluble monomers whidi 
may be pcdymerised die i^ocess of this 
invention is aetenave and indudes for 
anqde aojdamide^ meAacrylamidc; acrylic 
add or mediacrylic add and their water- 
sduble esters siidi as the quaternary am- 
monium salts or add salts deriwd fr^ di- 
ediylaminoediyl actylate and bom dimediyl- 

and its salts— and die salts of N-'i^^i^ 
and hcmudogues. Copolymers of sudi memo- 
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mers can also be produced by ttas tedinique. 
The concenttaticHt of moncHner in the aqueous 
solution used as feedstock in tins pdy- 
merisatioii can T3iy cms a lange ftocn 20% 
to 90% hy weigjit ot Hat sdution. The pta- 
fened sdadm concentiadcm is 40% to 60% 
by might The disperse phase to total ennd- 
non can vary over a range from 25% to 
75%. 

The oil phase can be any inert hydrojAobic 
liquid whidi is iimmisdble with the disperse 
monomer-containing phase foe example an 
aromatic hydrocarfaoQ, sudi as toluene or 
nskat, ot sn alqpbsdc hydrocarbon induding 
B nnge oi petrakmn jnctions. Halogenated 
hydiDc^ibons vith a low reactivity towards 
nee radicals can also be enjoyed and per- 
cMoroetiiyleoe is an exam^de of sudi a hydro- 
carbon. 

The monomers employed in this inventbn 
polymerise by a bee radical mechanism and 
the reactiwi is initiated at elevated tempera- 
tures by the thermal deowipositiMJ <rf an 
mitiator such as for example azo-bis-iso- 
butyr^tril^ azobiscydohexanotitrile, benzoyl 
peroxide, lauroyl peroxide, potassium persul- 
phate or otiier persulphate salt The initiator 
may be soluble in either the continuous oil 
phase or in the disperse monomer/pdymer 
phase. The levd of mitiator used lies in die 
range 0,005 to 0.5 per cent by wdgjit of die 
final enniMon ^rstem. Temperatures in die 
range 50*C to 90*C gjve suitaMe reaction 
rates and ptodaas. 

In one specific embodiment for carrying 
out the continuous emulsion polymerisation of 
the invention die oil medium^ containing botii 
the water-b-oQ emul»fier and the emulsion 
stabiliser, is diarged to the reaction vessd and 
has oxygen removed from it by sparging witii 
pure nitrogen or by rqjeatedly redudi^ die 
pressure s*ove it to a low levd and teptes- 
siaismg with pine mtrog«i. The oil is dien 
brought to die deaied tenpaatuie for die 
leacdoQ and die free radical imtialor add^ 
ddier direcdy as solid aria a soit^le sdvent 
in such a way to mabtab an atmosphere of 
nitrogen above die mass. The aqueous mono- 
mer solution is then added to die reaction 
vessd continuously over a period of time sudi 
diat diere is never a lai^ amount of free 
unpdymerised mwKMner present in the sjra- 
tem at any time^ The period of addition may 
range from 0.5 to 10 hours but is usually in 
the range 1 to 3 houts^ In order to maintain a 
continuous polymerisatitm it is often essential 
to remove dissolved oxygen frcsn the aqueous 
monomer solution before addition to the re- 
action vessd. This may be done by sparging 
with purified nitrogen. The aqueous inono- 
mer soluti(»i is added to die oil to ^ve a 
final ratio of oil «> aqueous phase in die 
range 3:1 to 1:3 die preferred ratio bang 
approximatdy 1:2, all ratios being idated 
to die final wdghts of the leases. The product 



is a milk-white to buff coloured cream-like dis- 
persion. The pcdymer may be isolated by 
pouring d» d^posion into a suitable pre- 
cqntating medium sudi as acetone and filter- 
ing and dr^i^ die resultant predpitate. 70 

Mate espeaally die disporaon in wl may 
be used direcdy by adding it to an excess of 
wdl-stirred water when the water-in-oil dis- 
peraon is destabilised and inverts to give an 
<al-in-water system. The pdymer is thus dis- 75 
sdved in die water to give aqueous polymer 
solutions of a wide range of viscosities whidi 
are suitable for use in industrial processes 
fot emq>le as flocodants, dudceners, filtra- 
tim aids d&-«atering agents fac sludges ox 80 



inventicni is iUustrated by the f dlowing 



EXAMPLE I 
(a) Preparatiwi of dimetiiyl amino ediyl 85 
mediactylate: steai^ methacrylate 
stabilizer 

The fdlowing monomeric mixture was 
diarged into a 3 litre reaction vessd equipped 
widi a stirrer, r^uz ccmdenser, nitrogen bub- 90 
Wet and diermometer: 100 parts by wdght 
monomer (48.7 parts of dimediyl amino ethyl 
medtacrnlaiB and 51.3 parts of stearyl medi- 
am^te); 76,7 parts light sphidle oil sane of 
lAidi is used f(x disposing both die initiator 95 
and die diain transfer agent The vessd was 
heated up to 70°C, and die stined mixture 
was nitrogen purged for 20 minutes. The 
b(d>bler was dien raised above die liquid 
levd and the chain transfer agent and die 100 
imtiator were diarged into the vessd [3.74 
parts of azo - Us - isobuiyiodttile and 1000 
p.pjn. of 2 - mero^to edianol (based upon 
die monomer weight)] . 

This die initial polymerisation was carried 105 
out at 55% solids and an exotiierm in die 
ranp 18— 23°C was . observed. 90 minutes 
after the initiation a furdier 72.1 parts of 
nitrogen bubbled light spindle oil was added 
to die vessd which was then maintuned at HO 
90°C for 3 haaxs. Mtec diis time die 
stabilizer was diluted to 25% W/W sdids 
vndi 148.7 parts of li^ qwmdle oil. 

(b) Inverse emulaon polymerisataion of 

mediyl diloride quatenused dimedij4 115 
amino ediyl metiiacrylate 
Into a 700 millilitre reaction vessd equipped 
with a stirrer, reflux condenser, nitrogen 
bid>bler and diermometer was charged 55J 
parts by wd^t of light ^indle oil, 3.64 120 
parts sorbitan monolaurate, and 8 parts of 
die 25% stabih'zer i»^red as in (a) above. 
The vessel was heated up to 70°C and die 
stiired mixture was mtrogen purged for 20 
minutes. The bubbler was tiien raised above 125 
die liquid levd and die initiator was diarged 
into Ae vKsd [500 p.pjn.. of azo - bis - iso- 
butyronitrQe (based uptm monomo' phase)]. 
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100 parts of a 60% sduticm of metiql 
dilcside quatemised dimedtid amino edgl 
meAacijiate was added slowly to die leao- 
don vessd over a 2 hour period. After die 

S monomer addition was complete die vessd was 
maintained at 70°C for a furdier 1-J hours 
to complete the polymerisation. A sanqfc of 
the emulaon was predpitated in acetone^ 
washed twice and then ffltered and ddei at 

10 60°C for half an hour. The viscosity of a 
1% solution from diis reaction was 487 cs. 
duough a 3A suspended levA viscometer. 

EXAAIPLEn 
(a) Preparation of ditertiaiy ba^ amino 
IS ediyl mediaoylate: steaiyl meibacrylate 



214.8 parts of light spuuUe oE was i 

into a 3 litre reaction vessd mainta 

75**C and eqidraed as in Example I, utilising 
die same puigmg procedure. This was tiien 
followed by die addition of 0 J parts of azo - 
bis - iso - buQwonitrile (A.Z.B.N.), 100 parts 
of monomer (consisting of 59.2 parts of di- 
tertiaiy butyl ammo ediyl methacrylate and 
40.8 parts of steaiyL mediaaylate) was dien 
added contmuously to die reaction vessd over 
a 62 minute period. Half an hour after the 
addition was complete the temperature was 
increased from 75''C to 90— 950C and was 
maintained at diis tempetature im 4i hows. 
The final stabilizer cancentradiHt was 31.8% 
W/Wsdids. 



Into a 700 millilitre reaction vessd equipped 
as in Example I was diarged 58.2 parts of 
light spindle oil, 3.64 parts of sorbitan mono- 
laurate, and 9.1 parts of the 31.8% stabiUzer 

40 prq>ared as in (a) above. The same puiguig 
procedure as Example I was employed fol- 
lowed by the addition of 120 p.pjn. of 
A.21B.N. based upon the monomer phase. 
100 parts of a 51.9% solution of metiiyl 

45 ddmde quatemised ^methyl amino ethyl 
methacrsdate was added continuously to die 
reaction vessd over a 126 minute period. 
After the monomer addition was complete 
the vessd was maintained at 70°C for a fur- 

30 ther 1 1/4 hours to complete the reaction. A 
1% sdution of die inverted enudsitHt in 
wat» yidded a viscosity <d 5200 ap.s. 
measured by a Btodcfidd Viscameto'. 

EXAl^LEni 
55 (a) Preparation of acijdamide:steai^ medi- 
acrylate stabilizer 
100 parts by wdght of a monomer ntiztm^ 
consisting of 1735 parts of acryiamide and 
82.65 parts of stearyl meAaaylate was dis- 
60 sdved in 156 parts ot iertia*y buQrl alcdiol. 
This numomer mixture was added (»ntinuoudy 
over li hours into a 3 litre reaction vessd 



I Esamjde I utilising die same 



sduiej ocmtalniiig 58 parts of t 
and2parts(tf A^BJN.Tbeie> 65 
action vessd was maintained at 75°C to 
80^0 duoui^out die addition period and 
hdd at 80°C to 85«'C for a fiodier 1 hour 
to ensure complete reacdMt After whidi time 
die temperature of die xeactants was mcreased 70 
to 900C and hdd at 90°C fw a furdier 3 
hours. This treatment served: - 



(a) to deotmpose excess A.Z.B.N. 

(b) to d- - ------ 



distil out die t-bo^ alcohd, which 
was continuoudy rqdaced widi h'ght qrindle 75 
dl durmg die distillatim period. Le. 300 
parts by wdght <tf oil was added to redine 
die copolymer conoratradon to 25% W/W 
acdvity. Readual tAsatfL alodid was deter- 
mmed as 2% to 3% W/W on die final 80 



(b> Inverse emulsion pdymerisadcm of aajik 
add 

The appaam and procedoie was essen- 
tially die same as tiiat oiidined in Ezami^ ^ 
but based od die following cooqwddim: 

vessd diarge 
91J parts spindle oil 
8 „ 25 W/W stabilizer prepared 
sin (a) above 



2000 ppm of A.ZB.N. based on mono- 
mer phase. 

The vessd charge was purged as oudmed 
earlier and die monomer phases 100 parts by 
wdght of 60% W/W acrylic add sohition 
added over a 2 to 3 hour reaction tim^ at a 
vessd temperature of 70*0 to 75°(1 The 
reactants were then heated a furdier 1 hour 
at SO'C to ensure comj^ete reaction. 

A 1% solution of pdymer prepared by 
inverting the emulsion m H2O yidded a 
viscDsi^ of 2000 cps, measured by a Btodc- 
&ld Viscometer. 

EXAMPLE IV 
Inverse emulsion pdymerisation of medi- 
aciylic add 
As in Example III but substitute 100 parts 
of mediaaylic add 60% W/W for lOO parts 
of aaylic add. 

EXAMPLE V 
Inve^^emulsion polymerisation of aoyl- 

As in Example m but substitute 100 parts 
of a 60% WyW aaylamide solution foe 100 
parts of acrylic add. 

EXAiVlPLEVI 
(a) FcQiarati(« of stabilizer in perddmo- 
etbylene 

This was carried out exacdy as in Example 



_5 MK 

1(a) except that die ligjit spindle oil was 
replaced % perddoroetbylene as sdveitt. The 
72.1 parts of sdvent (added later in Examine 
1(a)) was induded in the first diarge to the 
5 vessd making a total of 140^8 g. of perchlaro- 
ediylene. The stabilizer sdutim was diluted 
to 25% W/W concentration as bcfcoc; 

(b) Inverse emdsi(« pdymetisatioQ of xaxfSxgl 
dilcside quatembed dimethylaminoedqd- 



Tbis was performed as in Example 1(b) 
OBoept that 117 parts of peiddocoetii]^ 
were used in {dace of lig^t ^Hndle oO, and 
the stabiliser was that prepared in Example 
(a) above, in perchloroethylene. 

WHAT WE CLAIM IS:- 

1. A process for the prq>aratioa of a stable 
dispersion of pdymer by eouMm poly- 
merisation which comprises omtinuoasly 
introducing an aqueous ^ticni of nuMiomer 
to a qrstem containi^ oil, water-in-oil emidsip 
fier, ao emulsion stabilizer wbicb is an (d- 
seUvblt copolymer prq>ared firom at least one 
hydrophobic monomer and at least one 
bydrophilic mooomer, and polymmsatai(Bi 
imtiator, die system being at the temperature 
required for pcdymeiisation whereby to effect 
'Ae polymerisation diroughout the ontuiuous 
addition of monomer. 

2. A process as daimed in daim 1 wherein 
said polymer is derived from ymtetsotMs 
vinyl miMioDier. 

3. A process as daimed in daim 1 or 2 
wherein s!^ oil is a liquid hydrocarbon; 

4. A process as daimed in any of die pie- 
cedmg daims for die preparation of di^- 
sions in ^di the proportion of disperse 
phase to xovd onulsion ranges between 25% 
and 70%. 

5. A process as daimed in any (ne of the 
preceding daims for die preparation of dis> 
persi(8is of aqueous 'polymer sdutbns in 
whidi the disperse phase to total emidsioa 
ranges between 25% and 75% and die mono- 
mer conoentcatioQ in the aqueous fiase used 
can be between 20% and 90% on vrd^ of 
aqueous solution. 

6. A process as d^ed in any oi» of 
die preceding claims wherein said emulsifier 
is an inverse emulsi^g agent in die range 
0.1—10 parts per 100 parts by weight of 



0 

CH,=C-A-OR, 

Ai 

where Ri is H or CH, and R, can be C,— C22 
hydrocatboa chain ddier tonced or linear 
^ a h^drof^c immomer (B) may 

amomc ^ 

CH,«C-c!-OR, 

Rj=H (X CH, 
R,=H 



C3H,=C— ^— X— A 



Ri=H or CH, 
X=NH or 0 

A=(CH*— CEtO)tf— H wlierB 
o~l to 20 



CH,=cJLx-(( 



(CH,).-N 



A pioc^ as daimed in any one of 
the preening daims herein said stabilizer 
is a polymeric stabilizer in die range 0.1 — 10 
parts per 100 parts of monomer solution. 

8. A process as daimed in daim 7 wfaereiQ 
said pdymetic sttdnlizer is a copdymer 
derived from a hydroiAobic monmner (A) 



Rx=H or CH, 

R,=Ci— Ct bydrocarixm 

R,=Ci-^ hydrocarixn 

Rj and R, can be d^erent 80 

X=0 or NH 

n=l— 3 

and the molar ratio of type A:B monomers 
in die copolymer lies in die range 1:3 to 
3:1. . 85 

9. A process as daimed in daim 8 wherem 
the molar ratio of ^pe A:B mxmcHners m die 
copolymer is 1 : 2 to 2: 1. 

10. Polymer difflcrdon whenever produced 

by a OTooess as daimed in aay aae of die 90 



V. P. THOMPSON & CO., 
Co(^rs Buildings, 
12, Oiurdi Street, 
liverpool, LI 3AB. 
Oiartered P atent Agents. 

1977 



Printed for Her Majesty's Stationew Office, by the Courier Press, Leanunston Sm, 1977 
Published by The Patent Office, 25 Southampton BuUdhigs. London. WCU 1 AY. firom 
which copies may be obtained. 



